Various loci and genes that confer susceptibility to coronary heart disease (CHD) have been identified in Caucasian populations by genome-wide association studies (GWASs). As type 2 diabetes mellitus (DM) is an important risk factor for CHD, we hypothesized that certain polymorphisms may contribute to the genetic susceptibility to CHD through affecting the susceptibility to type 2 DM. The purpose of the present study was to examine a possible association of type 2 DM in Japanese individuals with 29 polymorphisms identified as susceptibility loci for CHD by meta-analyses of the GWASs. The study subjects comprised of 3,757 individuals (1,444 subjects with type 2 DM and 2,313 controls). The polymorphism genotypes were determined by the multiplex bead-based Luminex assay, which combines the polymerase chain reaction and sequence-specific oligonucleotide probes with suspension array technology. To compensate for multiple comparisons of genotypes, the criterion of a false discovery rate (FDR) ≤0.05 was adopted for testing the statistical significance of the association. The comparisons of allele frequencies by the χ 2 test revealed that the rs964184 (C→G) of the ZPR1 zinc finger gene (ZPR1) was significantly associated (P=0.0017; FDR=0.050) with type 2 DM. Multivariable logistic regression analysis with adjustment for age, gender and body mass index revealed that rs964184 of ZPR1 was significantly associated (P= 0.0012; odds ratio, 1.25; dominant model) with type 2 DM with the minor G allele representing a risk factor for this condition. Fasting plasma glucose levels (P=0.0076) and blood glycosylated hemoglobin contents (P=0.0132) significantly differed among ZPR1 genotypes with the G allele associated with increases in these parameters. ZPR1 may thus be a susceptibility locus for type 2 DM in Japanese individuals.
Introduction
Type 2 diabetes mellitus (DM) is a major public health issue that affects over one billion people worldwide (1) . Type 2 DM is a complex disease that involves genetic and environmental factors and their interactions (2) . Due to the high prevalence of type 2 DM, identifying the genes or genetic loci associated with the risk or protection of type 2 DM is important for understanding the mechanisms underlying the disease and for benefiting the patients with personalized prevention and treatment programs.
Genome-wide association studies (GWASs) and subsequent meta-analyses have identified >56 susceptibility loci for type 2 DM (3) (4) (5) (6) (7) (8) (9) (10) (11) . However, these susceptibility loci have been identified predominantly in Caucasian populations. Differences in allele frequencies and the effect of size among different ethnicity groups yielded the discovery of new loci in different populations (12) . Although several single-nucleotide polymorphisms (SNPs) have been identified as susceptibility loci for type 2 DM in Japanese individuals (10, 11) , the genes that confer susceptibility to this condition remain to be identified definitively.
Previous GWASs have identified various loci and genes that confer susceptibility to coronary heart disease (CHD) for Caucasian populations (13, 14 polymorphisms may contribute to the genetic susceptibility to CHD through affecting the susceptibility to type 2 DM. The purpose of the present study was to examine a possible association of type 2 DM in Japanese individuals with 29 SNPs identified as susceptibility loci for CHD by meta-analyses of the GWASs. (15, 16) . Subjects with type 2 DM had a fasting plasma glucose level of ≥6.93 mmol/l (126 mg/dl), a blood glycosylated hemoglobin (hemoglobin A1c) content of ≥6.5%, or were taking anti-diabetic medication. Individuals with type 1 DM, maturity onset diabetes of the young, DM associated with mitochondrial diseases or single-gene disorders, pancreatic diseases or other metabolic or endocrinological diseases were excluded from the study. Individuals on medication that may cause secondary DM were also excluded. The control individuals had a fasting plasma glucose level of <6.05 mmol/l (110 mg/dl), a blood hemoglobin A1c content of <6.2% and had no history of DM or of receiving anti-diabetic medication.
Subjects and methods

Study
Selection and genotyping of polymorphisms. SNPs that were recently identified as susceptibility loci for CHD in Caucasian populations were searched for by meta-analyses of GWASs (13, 14) . These SNPs were examined with the dbSNP database (National Center for Biotechnology Information; http://www.ncbi.nlm.nih.gov/SNP/) to find SNPs with a minor allele frequency of >0.015 in a Japanese population. Finally, 29 SNPs (data not shown) were selected and the association with type 2 DM was examined. Wild-type and variant alleles of the SNPs were determined from the original sources.
Venous blood (7 ml) was collected into tubes containing 50 mmol/l ethylenediaminetetraacetic acid (disodium salt) and genomic DNA was isolated with a kit (Genomix; Talent, Trieste, Italy). Genotypes of the 29 SNPs were determined at G&G Science (Fukushima, Japan) by a method that combines polymerase chain reaction and sequence-specific oligonucleotide probes with suspension array technology (Luminex Corporation, Austin, TX, USA). The overall call rate of genotyping of 29 SNPs was 99%. The detailed genotyping methodology was performed as described previously (17) . 
Results
Clinical characteristics of the study subjects. The clinical characteristics of the study subjects are shown in Table I . Age, the frequency of males, BMI, the prevalence of smoking, myocardial infarction, dyslipidemia and hypertension, as well as serum concentrations of triglycerides and creatinine, were higher, whereas the serum concentrations of high-density lipoprotein (HDL) cholesterol were lower in subjects with type 2 DM compared to controls.
Associations of SNPs to type 2 DM. Allele frequencies were compared between subjects with type 2 DM and controls by the χ 2 test and five SNPs with P<0.05 are shown in Table II . Among these SNPs, rs964184 (C→G) of the ZPR1 zinc finger gene (ZPR1) was significantly (FDR≤0.05) associated with the prevalence of type 2 DM. The genotype distributions of five SNPs were in Hardy-Weinberg equilibrium (P>0.05) among subjects with type 2 DM and controls.
Multivariable logistic regression analysis with adjustment for age, gender and BMI revealed that rs964184 of ZPR1 was significantly associated with type 2 DM in the dominant and additive 1 and 2 models, with the minor G allele representing a risk factor for this condition (Table III) . As hypertriglyceridemia is an important risk factor for type 2 DM, additional multivariable logistic regression analysis was performed with adjustment for serum triglycerides concentrations or hypertriglyridemia (serum concentration of triglycerides ≥1.65 mmol/l or taking anti-dyslipidemic medication) in addition to age, gender and BMI (Table III) . rs964184 was also significantly associated with type 2 DM in the dominant and additive 1 models in this analysis.
Associations of rs964184 to fasting plasma glucose level and blood hemoglobin A1c content. Finally, the associations of rs964184 genotypes to fasting plasma glucose level and blood hemoglobin A1c content were examined by the Kruskal-Wallis test (Table IV) . rs964184 was significantly associated with the two parameters and the G allele was associated with the increases in fasting plasma glucose level and in blood hemoglobin A1c content.
Discussion
The associations of 29 SNPs identified as susceptibility loci for CHD by meta-analyses of GWASs to type 2 DM were examined and it was observed that rs964184 of ZPR1 was significantly associated with type 2 DM in Japanese individuals. The prevalence of type 2 DM, fasting plasma glucose level and blood hemoglobin A1c content were increased by 18.0, 6.7 and 7.4%, respectively, for individuals with the GG genotype of rs964184 compared to those with the CC genotype. rs964184 is located in the intron region of ZPR1 at chromosome 11q23.3. ZPR1 is an essential regulatory protein for cell proliferation and signal transduction and may have multiple physiological functions (18, 19) . The most relevant transcription factor that binds to the promoter region of ZPR1 is peroxisome proliferator-activated receptor γ, which plays an important role in insulin sensitivity and obesity (20, 21) . The promoter region of ZPR1 is also bound by hepatocyte nuclear factor 4α, which activates a variety of genes involved in glucose, fatty acid and cholesterol metabolism (22) .
ZPR1 is located ~1.6 kb upstream of the APOA5-A4-C3-A1 gene complex. Previous studies have shown that several polymorphisms in or near APOA5 are significantly associated with serum triglycerides concentrations (23) (24) (25) (26) . rs964184 of ZPR1 has been associated with serum triglycerides and this may be attributable to linkage disequilibrium with functional SNPs in APOA5, which influence metabolism of chylomicrons, very-low-density lipoprotein and HDL (27) . As an increase in serum triglycerides concentration is an important risk factor for type 2 DM (28), a multivariable logistic regression analysis was performed with adjustment for serum triglycerides levels or hypertriglyceridemia in addition to age, gender and BMI. There was a significant association of rs964184 with type 2 DM in this analysis, indicating that the association was independent, at least in part, of serum triglycerides levels in the study. The previous GWASs suggested that APOA5 polymorphisms may also play an important role in the development of type 2 DM (29, 30) . A subgroup analysis by ethnicity of a meta-analysis revealed a significant association of the -1131T→C polymorphism of APOA5 with type 2 DM in Asian populations (31) . This observation may support the hypothesis that rs964184 of ZPR1 is associated with type 2 DM through the interaction with APOA5 in Japanese individuals.
Although the contribution of rs964184 to the increased susceptibility to type 2 DM was examined in several GWASs mainly with Caucasians, the significant association was not detected (32, 33) . The reason for the discrepancy between the previous studies and the present results remains unclear. The variations in the minor G allele frequencies due to the ethnic differences may be, at least in part, responsible for this discrepancy. The frequencies of the CG and GG genotypes of rs9645184 were 23.7 and 2.4%, respectively, in Caucasian populations (32) , whereas in the present study population they were 39.1 and 7.2%, respectively. The G allele of rs964184 was therefore higher in the present population (26.8%) compared to the Caucasian population (13-14%) (23, 33, 34) . In addition, the prevalence of type 2 DM in the present population was 38.2%, which was more than twice that reported previously (32) . The higher frequency of the G allele and the higher prevalence of type 2 DM in the present population compared to those in the previous studies (33, 34) may increase the statistical power to detect the association of rs964184 with type 2 DM.
In conclusion, the results indicate that rs964184 (C→G) of ZPR1 may be a susceptibility locus for type 2 DM in Japanese individuals. Validation of these findings is required in other independent subject panels or ethnic groups. 
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